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Objective: To evaluate how interphase ﬂuorescence in situ hybridization (FISH) played a role in genetic
counseling when encountering prenatally detected fetal mosaicism cases.
Materials and methods: We retrospectively reviewed 17 cases of amniotic ﬂuid specimens diagnosed
with Level III chromosome mosaicism using in situ coverslip culture method. Among them, seven
received additional interphase FISH tests; ﬁve were related to autosomal mosaicism and two others were
due to sex chromosomes.
Results: In the autosome group, one couple chose to terminate the pregnancy due to a high percentage of
trisomy 21 cells (48.1%) shown on interphase FISH; in the gonosome group, one case chose termination
as FISH exhibited as high as 80% of XXYY cells.
Conclusion: Performing interphase FISH on uncultured amniocytes for cases detected with mosaicism by
traditional amniotic ﬂuid culture provided quick conﬁrmation of the karyotyping results; additionally,
obtaining information about the extent of the abnormality involved using interphase FISH could also play
a role in counseling patients on the decision making concerning the future of their pregnancies.
Copyright © 2015, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. All
rights reserved.Introduction
Fluorescence in situ hybridization (FISH) was ﬁrst introduced as
a potentially powerful tool in clinical cytogenetics. Interphase FISH
with alpha satellite probes or locus-speciﬁc probes can be used for
rapid prenatal diagnoses of numerical or structural chromosomal
anomalies from direct culture of amniocytes [1]. Because the am-
niotic ﬂuid is composed of cells from all three germ layers of the
fetus (i.e., endoderm, mesoderm, and ectoderm), cytogenetic cul-
ture result from amniocentesis is more representative of the fetus
as a whole compared with chorionic villous sampling orand Gynecology, Chang Gung
an.
bstetrics & Gynecology. Publishedcordocentesis, the former being extra-embryonic and the latter
representing only the mesoderm. In the in situ coverslip culture
method for amniotic ﬂuid specimens, when different cytogenetic
ﬁndings are detected in more than one colony of cells, fetal
mosaicism is indicated [2]. In the absence of detectable fetal
anomalies by ultrasound or other imaging modalities, parents
expecting the mosaicism results from amniocentesis can be expe-
riencing a tremendous amount of anxiety and stress, not knowing
what to do with the future of their pregnancy. Interphase FISH with
appropriate probes on uncultured amniocytes can better reﬂect the
actual state of the fetus rather than traditional chromosome anal-
ysis, which uses cultured cells. Interphase FISH results coupledwith
proper genetic counseling can assist the parents facing the
dilemma of fetal mosaicism in making an educated choice for the
future of their pregnancies.by Elsevier Taiwan LLC. All rights reserved.
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This is an Institutional Review Board-approved retrospective
study. From January 2010 to June 2014, genetic amniocentesis re-
sults from the cytogenetic laboratory of Linkou Chang Gung Me-
morial Hospital (Taoyuan, Taiwan) were reviewed and those with
mosaicism ﬁndings singled out.Figure 1. A partial G-banded karyotype. The arrow indicates the supernumerary ringConventional cytogenetic analysis
Approximately 15e20 mL of amniotic ﬂuid was set up for in situ
coverslip culture following standard cytogenetic protocol. Chro-
mosome analysis using G-banding techniques at 550 bands of
resolution was performed on each colony of cells. Between 15 and
20 colonies were examined and karyotypes were produced. A
diagnosis of fetal mosaicism was made if at least two colonies of
cells showed different chromosomal constitution [3].chromosome 8 marker.
Figure 2. Interphase ﬂuorescence in situ hybridization analysis on uncultured
amniocytes using CEPX (spectrum green) and CEPY (spectrum red) probes, showing an
XXYY on the left-side cell and an XYY on the right-side cell.Fluorescence in situ hybridization
Interphase FISH procedure was performed, basically following a
standard protocol proposed by Klinger et al [1] but with some
modiﬁcations. The procedure involved the following steps: (1) the
ﬁrst step is the sample preparation step inwhich uncultured amniotic
ﬂuid cells were collected by centrifugation, and then concentrated
down the center of the slide to obtain 300e400 cells/slide, followed
by hypotonic solution (0.075M KCl) and ﬁxative (methanol:acetic
acid; 3:1) treatment; (2) the second step is denaturation that
involved simultaneous denaturation (at 75C for 8minutes) of probe
and target DNA under a sealed coverslip; (3) the third step is hy-
bridization in which a hybridization mixture placed on the slide was
incubated overnight in a moist chamber at 37C; (4) in the fourth
step, the slides werewashed in a postwash solution (postwashing) of
50% formamide and 2 saline-sodium citrate; (5) the ﬁfth step is
detection/staining, in which the slides were stringently washed and
counterstained with 40,6-diamidino-2-phenylindole/antifade re-
agent, and thenplaced under a ﬂuorescencemicroscope using a dual
band-pass ﬁlter to visualize ﬂuorescein isothiocyanate and Texas red
simultaneously; and (6) the sixth and ﬁnal step is analysis inwhich a
minimum of 40 hybridized nuclei (range 40e100) were counted for
each sample, and the number of nuclei exhibiting one, two, three,
and four hybridization signals were recorded.
The following were the related FISH probes applied in different
mosaicism cases:
1. For trisomy 20mosaicism, bacterial artiﬁcial chromosome (BAC)
clone probe RP11-2E8 (20p12.2; green spectrum) was used.
2. For iso20q mosaicism, a 20-q-speciﬁc probe RP11-266K16
(20q13.33) in the red spectrum and a 20-p-speciﬁc probe
RP11-530N10 (20p13) in the green spectrum were used.
3. For mosaic ring marker 8, an 8p11.1-q11.2-speciﬁc probe (Vysis
CEP8,D8Z2; spectrum green) was used.Table 1
Mosaicism cases receiving additional interphase FISH tests.
Conventional cytogenetic analysis Percentage of abnorma
47,XY,þmar[2]/46,XY[19] (marker: ring chromosome 8) 2/21, 9.5%
46,XY,i(20)(q10)[5]/46,XY[21] 5/26, 19.2%
47,XY,þ20[26]/46,XY[9] 26/35, 74.3%
47,XX,þ21[6]/46,XX[14] 6/20, 30.0%
47,XX,þ12[8]/46,XX[12] 8/20, 40.0%
48,XXYY[17]/47,XYY[3] 17/20, 85.0%
45,X[5]/46,XX[15] 5/20, 25.0%
FISH ¼ ﬂuorescence in situ hybridization.4. For mosaic trisomy 21, a BAC clone probe RP11-91N21 (21q11.2;
spectrum green) was used.
5. Formosaic trisomy 12, a 12q11-q12-speciﬁc probe RP11-496H24
(spectrum green) was used.
6. For the other two cases with sex chromosomes mosaicism, the
CEPX (DXZ1, Vysis) probe corresponding to Xp11.1-q11.1 labeled
with spectrum green, and the CEPY (DYZ3, Vysis) probe corre-
sponding toYp11.1-q11.1 labeledwith spectrumorangewereused.
Results
A total of 17 true mosaicism (or Level III) cases were detected of
the 6436 amniocenteses cases, resulting in a 0.26% incidence ofl cells FISH Phenotype Outcome
8/40, 20.0% Bilateral pyelectasis Continuing
0/50, 0.0% No obvious ﬁnding Continuing
5/50, 10.0% No obvious ﬁnding Continuing
25/52, 48.1% No obvious ﬁnding Termination
16/65, 24.6% Large for gestational age Continuing
80/100, 80% Bilateral renal enlargement Termination
23/100, 23% No obvious ﬁnding Continuing
Table 2
Mosaicism cases where FISH was not offered as a complementary test.
Conventional cytogenetic analysis Phenotype Outcome
46,XX,r(21[12]/45,XX,-21[5] Sacrococcygeal teratoma Termination
46,XX,der(11),t(11;?)(q23;?)[5]/46,XX[15] Intrauterine growth restriction and congenital heart disease Termination
47,XY,þ21,þ21,der(21;21)(q10;q10)[21]/46,XY[15] Multiple anomalies Termination
45,X[13]/47,XYY[5]/46,XY[6] No obvious ﬁnding Continuing
45,X[2]/46,XY[10] No obvious ﬁnding Continuing
45,X[19]/46,X,idic(Y)(p11.2)[9] No obvious ﬁnding Termination
47,XYY[2]/46,XY[18] No obvious ﬁnding Continuing
45,X[5]/47,XXX[14] No obvious ﬁnding Termination
45,X[10]/46,XX[10] No obvious ﬁnding Continuing
47,XXY[8]/46,XY[20] No obvious ﬁnding Continuing
FISH ¼ ﬂuorescence in situ hybridization.
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interphase FISH tests, and the related cytogenetic ﬁndings, prenatal
phenotypes, FISH results, and perinatal outcomes are listed in
Table 1. For the two cases related to chromosome 20, trisomy 20,
and isochromosome 20 q, FISH on uncultured amniocytes showed a
much lower abnormality level (10% and 0%, respectively) than on
the culture cells, and the pregnancywas allowed to proceed. For the
three cases that exhibited mosaicism for a supernumerary marker
(Figure 1; this case was later conﬁrmed to be a ring chromosome 8,
8p11.1-q11.2), trisomy 12, and trisomy 45,X, the abnormality levels
were low (approximately 20%) on uncultured cells, and thus the
pregnancies were allowed to continue; however, in the other two
cases, mosaic trisomy 21 and 48,XXYY (Figure 2), we found a high
percentage of abnormal cells using interphase FISH (48% and 80%,
respectively), and thus, the pregnancies were aborted. In terms of
prenatal phenotypes, the mosaic ring 8 marker case showed
bilateral mild fetal pyelectasis, which was resolved spontaneously
at postnatal follow up; the mosaic trisomy 12 fetus was large for
gestational age, not diabetes related, weighing 4300 g at delivery at
36 weeks of gestation from preterm premature of membrane; and
the 48,XXYY mosaicism fetus exhibited bilateral renal enlargement
on prenatal ultrasound. Overall, two of the seven cases opted for
mid-trimester termination of pregnancy.
Table 2 lists the other 10 mosaicism cases for which FISH was
not offered as a complementary test. Threemarked phenotypes had
been spotted prenatally, including one with a sacrococcygeal tera-
toma in a mosaic ring 21 fetus. Overall, ﬁve of the 10 cases did not
continue the pregnancy.
Discussion
The incidence of true fetal mosaicism in our cytogenetic labora-
tory was 2.6/1000, a ﬁgure in line with a literature report, which
revealed Level III chromosome mosaicism in approximately 2/1000
amniotic ﬂuids [4]. Parents facing this problem had a dilemma as to
whether to continue or abort the pregnancy. Parents whose fetuses
are having severe abnormalities may have less trouble making the
choice.Whereas parents of fetuseswithmild prenatal phenotypes or
nothing at all go through a difﬁcult time while receiving genetic
counseling or even waiting for the results of other complementary
tests. Our experience indicates that interphase FISH results play an
important role in decision making. Following the publication of
several large studies documenting the accuracy of interphase FISH
studies on uncultured amniotic ﬂuid [5,6] and because of the short
turnaround time,many tests are done to not only quickly conﬁrm the
traditional karyotype ﬁndings, but also to evaluate the extent of
mosaic chromosomal abnormality by looking at the uncultured cells.
In our series, two cases related to chromosome 20 opted to
continue the pregnancy: For the mosaic isochromosome 20q case,
interphase FISH found no abnormal cells in contrast to 19% foundon karyotyping with cultured cells. There had even been reports
demonstrating cytogenetic discrepancies between cultured and
uncultured amniocytes on this mosaicism [7]; in the mosaic 20
trisomy case, only 10% of abnormal cells were found on FISH against
the 74% of trisomy 20 on cultured cells; Robinson et al [8] found
abnormal outcome in 50% of pregnancies with 80% of trisomy 20
cells. Because of a favorable interphase FISH ﬁnding plus no sig-
niﬁcant phenotype detected by prenatal ultrasound, the couple
opted to continue the pregnancy. For the other three cases that did
not receive midtrimester termination, including supernumerary
ring 8 marker, trisomy 12, and trisomy 45,X, the cultured and un-
cultured cells showed a comparably low level of abnormality and
the phenotypes were all minor ones. Although the mosaic trisomy
12 case showed overgrowth on delivery (97th percentile), the
follow-up visits found gradual normalization. Implications of
increased dosage of chromosome 12 in relation to congenital
overgrowth have already been reported [9]. Regarding the fetus
with a mosaic ring 8 marker, the prenatal pyelectasis ﬁndings were
not found on postnatal check-up. Renal abnormalities had been
observed in patients with an additional ring marker 8. Spinner et al
[10] documented a case with 56% mosaicism for a supernumerary
marker 8p11-q11 in blood cells, who presented with mild hydro-
nephrosis and kidney malrotation. In the last two cases that chose
termination, abnormal levels of trisomy 21 and 48,XXYY were very
high in both cultured and uncultured cells. For mosaic trisomy 21,
there was a signiﬁcant positive correlation between the percentage
of mosaicism and the severity of phenotype [11]. With regard to the
high level of 48,XXYY mosaicism, Linden et al [12] reviewed the
phenotypes of sex chromosome polysomy with more than four
gonosomes and concluded that in each, intellectual compromise or
frank mental retardation was unavoidable [12].
In conclusion, we have demonstrated how interphase FISH was
useful as a complementary test when counseling parents for fetal
mosaicism detected by conventional cytogenetic analysis.Conﬂicts of interest
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